salts the autocatalysis is not very marked, and the results are fairly reproducible Silica and similar surfaces appear to be very variable: w ater has a marked, and often unpredictable, effect on them. The m atter is further complicated by the fact th a t water actually formed in the reaction seems to have a more marked effect th an th a t added from without.
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Another phenomenon, probably depending on the way the surface changes w ith time in the initial stages of the reaction is the following. A t tem peratures and pressures just below the third explosion limit the rate rises rapidly with increasing pressure of hydrogen, or of inert gases, until explosion occurs a t the limit. When, however, the pressure of oxygen is raised, there is quite a sharp transition to ex plosion before the rate has attained nearly so great a value as th a t attainable with increased hydrogen pressure. I t seems th a t an increased $utocatalysis sets in a t higher oxygen pressures, and renders impossible the observation of the steady initial rate. The influence of various salts on the explosion Umits and on the reaction rate of the hydrogenoxygen system has been examined. Certain specific effects of the nature of the salts appear. Iodides differ markedly from other halides (but this may be due to special causes, such as liberation of halogen). The effects of the salts are thought to be due to specific chemical interactions.
In this paper the specific effects of salts on the explosion limits, and upon the rate of the Reaction occurring between the second and third limits, will be considered in more detail.
T h e f ir s t e x p l o s io n l im it Frost & Alyea (1933) , working with a pyrex vessel rinsed out w ith a 10 % KC1 solution, observed an increase in the limit of about five-fold compared with the values obtained by Moelwyn-Hughes & Hinshelwood in silica vessels (1932) . This indicates a high chain-breaking efficiency for KC1 surfaces compared w ith silica. An investigation has therefore been made on the relative chain-breaking efficiencies of various salts on the limit.
The method of experiment was the same as th a t used by Moelwyn-Hughes & Hinshelwood (1932) . The reaction vessel was coated with a coherent visible layer of the salt under investigation. All the experiments were carried out a t 550° C, with 2:1 hydrogen-oxygen mixtures. The results are given in table 1.
T a b l e 1
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cations: Cs+, K + > B a++, Ca++. anions: I ' > F , Br', SO* Cl'.
The effect of the iodide ion is particularly marked.
These results show th a t for any quantitative treatm ent of the first limit it is im portant to recognize explicitly the effect of the surface. Apparently discordant results, obtained previously by different workers, are probably due to uncontrolled surfaces.
The types of reaction occurring a t the surfaces may obviously be various, involving as they do three chain-carriers. Discussion is deferred.
T h e se c o n d e x p l o s io n l im it
The effect of salts on this explosion limit is very small; among those investigated were KC1, K I, CsCl, Csl. The limit is slightly depressed, and this is more noticeable the higher the temperature.
Since the essential processes determining the second limit occur in the gas phase, only secondary effects, if any, are to be expected.
T h e r e a c t io n a b o v e t h e se c o n d l im it
Some preliminary experiments have been carried out on the effect of salts on this reaction and on the third explosion limit. They were made with a standard mixture of hydrogen and oxygen (300 mm. H 2, 150 mm. 0 2) a t different temperatures, the reaction vessel having been given a thick coating of the appropriate salt.
Some work has been done on these lines by Lewis and von Elbe, who found th at salts as different as BaCl2, KC1, K 2B20 4, and Na2W 04 had practically identical actions. I t was therefore considered th a t the limiting condition had been reached, where the chain-breaking efficiency of the surface was unity. On this hypothesis one might expect to find a number of salts behaving in a very similar fashion, and no salt depressing the rate more than KC1. A survey has been made of the effect of different anions and cations; the experimental conditions naturally limited the investigation, since the salts used have to be stable in the presence of hydrogen, oxygen and water vapour up to about 600° C. The effects of the following ions were investigated: I A + ,Na+, K+, Rb+, Cs+, Ca++, Ba++, Sc+++, Mn++, Ni++; F ', C I', SO4. Table 2 shows the rates of reaction a t 550° C in the presence of the alkali chlorides. CsCl depresses the rate of reaction appreciably more than any of the others. Some typical results are shown in figure 1, plotted as log10(rate): [1000/T]. I t can be seen th a t the diversity of behaviour among the salts is quite considerable, and th a t the relative effects of two salts may be different a t different temperatures. The iodides show marked divergences from the rest.
There are three measurable characteristics associated with each curve: (a) The plot is usually linear over a considerable range of temperature, and only curves markedly as the explosion temperature is reached. The slope of this linear portion gives an 'apparent activation energy', Eapp ( ) The r a fairly definite temperature, Tex. This is the third limit explosion temperature, (c) The rate of reaction, measured a t about 1° below Tex , will be called the ' maximum observable rate ', rmax . Values of rmax cannot be measured very accurately, but vary quite widely. The theoretical significance of this fact is not quite clear. From the practical point of view, however, rmax seems characteristic of each salt under these experimental conditions.
On passing from fluoride to iodide, E&pp decreases, while Tex and rmax increase. The chloride, bromide and sulphate ions give intermediate values for Eapp (approx. 100-120 kcal.) and rmax , but values for Tex even lower than th a t given by the fluoride ion. The behaviour of a mixture of chloride and iodide is governed by the iodide. Csl is interesting in th a t the rate of reaction attains a low and almost constant value a t low temperatures. This strongly suggests th a t Csl is a good catalyst for the heterogeneous reaction. Some special factor, however, seems to operate in the case of the iodides over the whole range.
Neither scandium chloride nor nickel chloride has much effect on the rate at 550° C, but since they hydrolyse under the conditions of experiment the results are only of qualitative significance. According to the theory discussed in P a rt I I the reaction occurring on these surfaces above the second explosion limit involves the removal of H 0 2 radicals from the gas phase. The final expression for the rate of reaction derived there cannot, unfortunately, be applied directly to the present experimental results. That equation was obtained by assuming the rate of destruction of H 0 2 radicals on a KC1 surface to be governed solely by the rate of diffusion of the radicals to th a t surface. This cannot be strictly true in general, for we have seen th a t some salts may depress the rate more than KC1. Therefore the rate constant k5 must also be to some extent a function of the chain-breaking efficiency of the walls. The larger the chain-breaking efficiency the smaller will be the rate of reaction; hence the curves in figure 1 show the order of efficiency of the salts a t any given tem perature, but are not a simple furfction of th a t efficiency. The iodides, indeed, may introduce more profound changes into the mechanism, e.g. by liberation of minute amounts of free halogen. There is, however, no evidence at present on this point.
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In the region of the first limit the salts probably act in virtue of their high chain breaking efficiency for H atoms, since it is the H atom concentration which controls the rate of branching. In the region of the third limit destruction of H 0 2 is im portant. If the reaction of H 0 2 on a surface occurs with a molecule of hydrogen, to give H 20 2 + H, then the subsequent fate of the H atom so formed may determine the observed chain-breaking characteristics of the surface at these higher pressures also. Thus there would be no absolute necessity to postulate two separate modes of action of the salts.
The H 20 2 molecule formed might either evaporate into the gas phase, or decom pose on the surface to H20 + | 0 2. In the former case H 20 2 would be an intermediate reaction product, as was found by Pease (1930) by passing a mixture of hydrogen and oxygen through a silica tube. In the latter case little or no H 20 2 will be formed; Pease found little or no H 20 2 on coating the tube with KC1. The facts concerning the production of H 20 2 might therefore alternatively be explained by assuming th a t H 20 2 is catalytically decomposed on salt surfaces, whereas some a t least escapes into the gas phase from silica surfaces. In this connexion it is known th a t alkali halides will accelerate the decomposition of aqueous H 20 2 solutions (Walton 1904; Walton & Jones 1916) .
I t appears significant, however, th a t the salts with high chain-breaking efficiencies all have cations which can form hydrides. The few salts of metals other than alkalies and alkaline earths, MnCl2 for instance, which are available for test, are no more efficient than silica.
In general, kinetic investigations of recent years have shown th a t catalytic actions usually depend upon processes which can be represented by definite chemical equations, often involving atoms and free radicals. The following types of trans formations may well occur on the salt surface.
KC1 + H = K + HC1, K + Cl = KC1, KC1 + H = K H + C1, K H + HC1 = KC1 + H 2.
These processes can lead to a removal of hydrogen atoms without permanent change of the salt. The differing reactivities of adsorbed HC1 and H I towards the oxygen present in the reaction may explain the differences between chlorides and iodides. The factors determining the relative rates of the various possible reactions are so many and so incalculable th a t further speculation is hardly likely to be profitable a t the moment.
